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SECTION  I 


OVERVIEH 

The  Command  Surgeon,  U.S.  Army  Armament,  Munitions  and  Chemical  Command 
(USAMCCOM)  requested  that  the  U.S.  Army  Medical  Research  and  Development 
Command  develop  a  research  plan  to  meet  the  needs  of  personnel  exposed  to 
nitroglycerin  (NG)(1}.  The  request  was  motivated  by  a  concern  that  despite 
continued  Improvements  In  reducing  air  concentrations  of  N6  and  related 
nitrate  esters,  exposure  via  the  dermal  route  was  continuing.  A  specific 
concern  was  associated  with  workers  loading  powder  bags  at  Indiana  Army 
Ammunition  Plant.  The  following  priorities  of  effort  were  recommended: 

a.  Develop  control  methods  to  prevent  any  exposure  to  these  compounds 
which  may  cause  adverse  health  effects.  Include  Improvements  In  personal 
protective  equipment;  I.e.  gloves,  shoes,  clothing  and  engineering  control 
recommendations. 

b.  Develop  a  practical,  accurate  method  to  assess  total  worker  exposure 
to  nitrate  esters  while  working  with  double  and  triple-based  propellants. 

c.  Assess  the  potential  effects  on  reproduction,  teratogenicity, 
mutagenicity  and  carcinogenicity  of  these  nitrate  esters. 

This  report  addresses  recommendations  a  and  b  above.  Sections  II  and  III 
represent  an  Investigation  Into  the  Issues  Involved  In  developing  Improved 
methods  for  hand  protection  and  evaluation  of  dermal  exposure  through  the 
development  of  a  Biological  Exposure  Index  (BEI). 


SECTION  II 


OCCUPATIONAL  HEALTH  ISSUES  RELATED  TO  NITR06LYCERIN  EXPOSURE: 

PROTECTIVE  GLOVES 

INTRODUCTION 

The  present  discussion  addresses  gloves  worn  for  protection  In  the 
manufacture  of  nitroglycerin  (NG)  and  NG  products.  Tasks  undertaken  for  this 
study  were  to  Identify  current  practices  with  respect  to  protective  gloves  at 
Army  ammunition  plants  manufacturing  NG,  to  document  existing  health  problems 
associated  with  NG  dermal  exposure,  and  to  seek  alternative  and  presumably 
superior  gloves  for  handling  NG-contalning  materials. 

INDUSTRIAL  HYGIENE  PRACTICES 
Radford  Army  Ammunition  Plant  (RAAPl 

The  Industrial  hygiene  protocol  at  RAAP  since  1973  provides  for  three 
lockers  for  each  NG  worker  (3).  At  the  beginning  of  each  shift,  the  worker 
hangs  his  clothing  In  the  first  locker  and  puts  on  a  complete  fresh  uniform. 
Including  underwear,  from  the  second.  At  the  end  of  the  shift,  all  used 
(contaminated)  clothing  Is  placed  In  the  third  locker  to  be  laundered,  and  the 
worker  showers  before  dressing  In  street  clothing.  The  uniform  Includes 
Nomex'^  coveralls  and  gloves  appropriate  to  the  task  as  noted  below. 

Respirators  are  worn  In  the  roll  powder  building  where  double-base  propellant 
(nitrocellulose  plus  NG)  Is  manufactured. 

Four  basic  glove  types  are  In  service  at  RAAP  NG  facilities,  depending  on 
the  duty:  surgeon's  gloves,  leather-palm  gloves,  cotton  gloves  and 
plastic-coated  cotton  gloves.  Nitroglycerin  and  diethyleneglycol  dinitrate 
(DEGDN)  will  eventually  penetrate  all  of  them.  The  Technical  Analytical  Group 
at  RAAP  has  developed  a  simple  test  for  NG  penetration  (4).  A  5-cm  disk  cut 
from  the  palm  of  a  glove  Is  placed  outer-side-down  on  a  5-cm  disk  of  sheet 
propellant;  on  top  of  the  glove  Is  placed  a  5-cm  disk  of  sheet  woodpulp  and  a 
1-kg  weight,  also  5  '“m  In  diameter.  The  assembly  Is  placed  on  a  steam  oven  at 
about  70  °C  for  7  ho'rs,  after  which  the  woodpulp  disk  is  macerated,  extracted 
with  methanol,  and  analyzed  for  NG  by  liquid  chromatography.  Gloves  are 
approved  only  If  penetration  to  the  woodpulp  disk  does  not  exceed  0.1  mg/cm^; 
results  of  some  Initial  tests  are  presented  In  Table  1.  An  older  method  Is 
occasionally  used:  palm  and  finger  sections  of  gloves  actually  worn  during 
performance  of  a  task  for  a  specified  time  period  are  extracted  and  tested  for 
NG  penetration.  Cotton  gloves  are  changed  every  hour  (4).  The  procedure 
whereby  gloves  are  discarded  when  they  develop  a  "wet  feel"  Is  outdated.  An 
alternative  test  procedure,  ASTM  Test  for  Resistance  of  Protective  Clothing 
Materials  to  Permeation  by  Hazardous  Liquid  Chemicals  (F  739-85),  utilizes  a 
two-chamber  test  cell  with  the  liquid  challenge  chemical  applied  to  the 
outside  of  a  protective  clothing  sample  and  a  collecting  medium  In  contact 
with  the  Inside  (5).  This  procedure  would  present  an  unacceptable  hazard  In 
the  case  of  NG,  and  It  would  be  Inappropriate  for  gloves  used  In  handling 
propellant.  Specific  glove  types  used  at  RAAP  and  minimum  change  frequencies 
for  all  RAAP  operations  are  presented  In  Appendix  A. 
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TABLE  1.  Test  Results  with  RAAP  Test  Method (4)^ 


Glove  type  Manufacturer  NG  penetration,  mg/cm^  Remarks 


Nitrile,  LA-lll-EB-Fl 

North 

ND*’ 

approved 

Malaysia 

unknown 

0.095 

approved 

P/N  796  nitrile  w/cotton  flock 

Best 

ND 

approved 

Neoprene  No.  3214 

Best 

0.011 

approved 

Cotton,  L-6-2493  fawn  color 

made  In  Thailand 

0.140 

not  approved 

6322EKJ,  tan  color 

Stauffer 

0.081 

approved 

L6322EKJ 

Stauffer 

0.030 

approved 

MC-41-13-560 

Fiasco 

0.051 

approved 

Style  312 

Tri -State  Physic. 

0.19 

not  approved 

Cotton  dipped  In  plastic, 
seamless 

Not  specified 

0.022 

approved 

RN  brown  leather  palm  lines 
w/napped  cotton 

Not  specified 

0.038 

approved 

Worknit  HD  05/3729L 

brown  plastic-coated  cloth 

Norton 

0.052 

approved 

IIAI  light  weight  plastic- 
coated  cloth 

Fiasco 

0.141 

not  approved 

White  cotton,  napped  inside 

Not  specified 

0.269 

not  approved 

a.  24  April  1984 

b.  NO  -  none  detected 


Indiana  Army  Ammunition  Plant  (INAAP) 

In  1989  the  M203  line,  which  produced  155  mm  howitzer  charges,  was  the  ■ 
only  propellant  line  at  INAAP  Involving  materials  that  contain  NG.  Single 
base  stick  propellant  Incorporating  18  percent  NG,  Is  received  from  RAAP  In 
shipping  boxes.  The  propellant  Is  weighed  out  and  tied  up  Into  27-lb  bundles. 
The  bundles  are  then  wrapped  tightly  In  a  cloth  Jacket  with  a  lead  foil  liner, 
fitted  Into  combustible  casings  with  Igniters  and  sealed  In  Individual  storage 
containers.  Gloves  are  worn  for  all  operations.  For  the  weighing  operation, 
which  Involves  the  most  Intimate  contact  with  the  propellant,  two  pairs  of 
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cotton  gloves  are  worn;  the  outer  pair  (showing  some  graphite  soiling)  Is 
discarded  every  2  hours  (6).  Tying  on  liner  jackets  requires  finger 
dexterity,  and  workers  were  observed  to  have  cut  off  the  thumb  and  first  one 
or  two  fingers  of  the  gloves  at  the  first  joint.  There  Is  some  Incidental 
contact  of  bare  fingers  with  the  propellant.  Workers  wear  caps  and  one-piece 
coveralls  treated  with  fire-retardant;  these  are  changed  every  day. 
Respirators  were  not  worn. 

HEALTH  PROBLEMS  RELATED  TO  NG  EXPOSURE 


RAAP 

Health  problems  among  munitions  plant  workers  resulting  from  dermal 
exposure  to  NG  have  been  documented  throughout  most  of  this  century.  All  the 
classical  symptoms  (headache,  nausea,  blurred  vision)  were  commonly  observed 
at  RAAP,  sole  producer  of  NG  for  the  U.S.  Army,  before  modern  Industrial 
hygiene  was  practiced  (7).  At  present,  these  symptoms  are  observed  only 
occasionally  In  new  or  unusually  sensitive  employees,  which  may  attest  to  the 
efficacy  of  masks  and  protective  garments.  Indeed,  RAAP  health  and  safety 
personnel  do  not  perceive  that  there  Is  a  problem  with  respect  to  dermal 
exposure  through  gloves,  provided  that  the  glove  protocol  is  rigorously 
followed.  (Reports  of  headaches  and  nausea  are  not  necessarily  symptomatic  of 
NG  exposure,  since  ELBA  solvent,  a  mixture  of  ethyl  lactate  and  butyl  acetate, 
causes  the  same  complaints  in  many  workers.) 

INAAP 

The  circumstances  that  led  to  INAAP' s  original  concern  for  NG  exposure 
appear  no  longer  to  apply,  due  to  a  product  change  (6).  Through  the 
mid- 1980' s,  the  155  mm  howitzer  round  was  propelled  by  a  bag  powder  charge. 

The  powder  consisted  of  double-base  propellant  grains  coated  with  graphite, 
and  loading  of  powder  bags  was  a  very  dusty  operation.  The  dust  filtered 
through  clothing  and  adhered  to  the  skin  of  the  loaders.  Since  the  dust 
contained  almost  as  much  NG  as  the  propellant,  the  loaders  were  considered  at 
risk  of  skin  exposure  to  NG.  As  noted  above,  the  present  M203  charge  uses 
stick  propellant  in  a  combustible  case  rather  than  a  bag,  the  graphite  is 
Incorporated  into  the  propellant,  and  no  dust  is  generated.  It  is  understood 
that  there  are  occasional  complaints  of  headaches  among  loaders,  but  the 
source  of  exposure,  if  NG  is  indeed  the  cause,  is  undefined. 

AVAILABILITY  OF  ALTERNATIVE  SAFETY  GLOVES 

The  second  task  in  this  project  was  to  inquire  Into  the  availability  of 
alternative  gloves  which  would  be  more  impervious  to  NG  while  allowing  the 
user  sufficient  dexterity  to  perform  such  operations  as  handling  individual  . 
roll  powder  grains.  It  also  was  considered  important  that  the  glove  material 
not  allow  build-up  of  static  electricity  (although  workers  in  sensitive  areas 
are  electrically  grounded,  and  static  build-up  has  not  been  a  problem). 

A  list  of  manufacturers/distributors  of  chemical  safety  gloves  was 
compiled  using  the  Thomas  Register,  RAAP's  current  suppliers,  and  sources 
identified  therefrom.  Telephone  contact  with  technical  service  departments 
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elicited  a  nearly  uniform  response:  companies  were  willing  to  help  Identify 
an  existing  glove  most  suitable  for  our  purposes  and  to  conduct  the  necessary 
tests,  but  were  not  prepared  to  Initiate  a  developmental  effort  to  make  a 
glove  Impervious  to  NG  from  new  materials.  One  manufacturer  (Pioneer)  noted 
that  new  polymeric  materials  are  available,  but  that  It  would  be  more  than  a 
year  before  they  would  be  able  to  address  our  problem.  The  Impression  gained 
from  conversation  with  manufacturers  Is  that  the  capability  exists  to  develop 
new  gloves  to  meet  the  Army's  needs,  but  It  will  probably  be  identified  only 
through  responses  to  a  Request  for  Proposal.  Telephone  contacts  with  safety 
glove  manufacturers  with  developmental  capabilities  are  summarized  below. 

Best  Manufacturing  Co.,  Menlo,  GA,  404-862-2302 

The  chief  chemist  was  not  Interested  In  working  with  NG  products,  but  the 
marketing  director  would  be  willing  to  discuss  It  In  the  future. 

Pioneer  Industrial  Products,  Hillard,  OH,  414-993-2211 

The  chief  chemist  and  chief  for  research  and  development  noted  that  new 
polymeric  materials  are  available,  but  that  It  would  be  more  than  a  year 
before  developmental  work  could  be  contemplated. 

Edmont  Wilson,  Coshocton,  OH,  614-622-4311 

The  chief  for  research  and  development  suggested  that  the  best  protection 
may  be  achieved  by  wearing  laminated  polyvinyl  acetate  or  polyethylene  gloves 
(such  as  worn  by  food  handlers)  under  nitrile  gloves. 

North  Hand  Protection,  Charleston,  SC,  803-554-0660 

Butyl  rubber  gloves  were  recommended. 

Chem-Fab  Corporation,  Merrimac,  NH,  603-424-9000 

Chem-Fab  manufactures  protective  suits  for  various  Industries,  but 
procures  gloves  elsewhere.  They  noted  that  experience  with  Teflon  gloves  had 
been  less  than  satisfactory,  largely  because  of  material  stiffness. 

SUMMARY  AND  RECOMMENDATIONS 

The  RAAP  has  a  detailed  protocol  for  the  use  of  protective  gloves  when 
handling  materials  that  contain  NG,  as  well  as  a  test  procedure  which  measures 
the  rate  of  penetration  of  NG  through  the  gloves.  Assuming  that  the  protocol 
Is  followed,  these  gloves,  the  selection  of  which  depends  upon  the  operation, 
should  provide  reasonable  protection  against  NG  skin  exposure.  At  INAAP  the 
potential  for  exposure  to  NG  Is  presently  low  compared  with  RAAP,  and 
Industrial  hygiene  protocols  are  accordingly  less  rigorous.  Again,  double 
thickness  gloves  appear  to  provide  protection  against  NG  skin  exposure. 
However,  some  operations  require  such  dexterity  that  workers  have  cut  some  of 
the  fingers  from  the  gloves,  and  there  Is  Incidental  exposure  to  NG-contalning 
propellant. 


Although  there  are  manufacturers  of  safety  equipment  potentially  capable 
of  developing  new  gloves  that  could  provide  better  protection  against  exposure 
to  NG,  It  would  be  premature  to  Initiate  such  development  In  the  absence  of 
evidence  that  NG  workers  are  at  risk  of  skin  exposure  through  gloves. 
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SECTION  III 

DEVELOPMENT  OF  A  BIOLOGICAL  EXPOSURE  INDEX  FOR  NITRJGLtCi^IH 

INTRQPyCTIQN 

Nitroglycerin  Is  an  explosive  used  in  dynamite,  gunpowder, 
propellants.  It  is  in  wide  use  in  medicine  for  the  treatment  of  o.igina.  As  a 
potent  vasodilator,  its  short-term  effects  include  throbbing  headache. 
Increased  pulse  rate,  decreased  blood  pressure,  palpitations,  nausea,  and 
vomiting.  Although  headaches  are  a  sensitive  indicator  of  exposure  among 
persons  new  to  dynamite  work,  N6  tolerance  usually  develops  within  2  to  4 
days.  Tolerance  is  short-lived  and  is  generally  lost  after  brief  periods  away 
from  the  work  place.  Withdrawal  from  long-term  exposure  has  been  associated 
with  angina  pectoris  and  sudden  death  in  workers.  Although  the  cause  of  the 
latter  phenomenon  is  not  established,  it  is  thought  to  result  from  a 
compensatory  vasoconstriction  which  continues  after  exposure  to  NG 
discontinues  (10). 

Two  epidemiological  studies  of  separate  populations  of  Swedish  dynamite 
workers  suggested  an  association  between  long-term  dynamite  work  and  excess 
mortality  from  chronic  cardiocerebrovascular  disease  (23).  Records  of 
exposures  to  airborne  NG  were  not  available  during  those  studies;  and  thus,  an 
association  between  specific  exposure  levels  and  development  of  disease  could 
not  be  made.  More  recently,  a  mortality  study  of  workers  exposed  to  NG 
between  1949-1977  at  RAAP,  a  munitions  plant  in  Virginia,  was  conducted  by  the 
National  Institute  for  Occupation  Safety  and  Health  (NIOSH).  In  this  work,  a 
significant  excess  of  Ischemic  heart  disease  was  found  in  NG-exposed  workers 
in  the  age  group  40  to  49  years  (43). 

Nitroglycerin  is  readily  absorbed  by  ingestion,  inhalation,  and  through 
the  skin.  When  both  inhalation  and  dermal  exposures  occur,  dermal  contact  is 
generally  thought  to  make  a  greater  contribution  to  the  total  amount  of  NG 
absorbed  by  the  body  (10,  17).  Natural  and  synthetic  rubber  are  not 
impervious  to  NG  and  protective  clothes  in  use  today  are  only  partially 
effective  in  preventing  exposure  (10,  17).  Thus,  the  potential  for  absorption 
of  NG  through  the  skin  exists  in  industries  where  this  substance  is  used. 

At  present,  there  are  no  means  of  monitoring  dermal  exposure  to  NG  in  the 
workplace.  This  Information  is  vital  for  relating  information  derived  from 
health  effects  studies  to  worker  exposure  and  for  establishing  realistic 
exposure  limits.  The  object  of  this  paper  is  to  examine  the  pharmacokinetics 
of  NG  to  determine  whether  levels  of  NG  or  its  metabolites  in  body  fluids 
(i.e.,  expired  air,  plasma,  or  urine)  could  serve  as  biological  exposure 
indices  (BEI)  for  NG. 


CHEMISTRY 


Little  was  known  about  the  pharmacokinetics  of  NG  before  1965.  After  that 
time,  with  the  use  of  thin-layer  chromatography,  colorimetry,  and  radioisotope 
tracers,  information  about  the  metabolism  and  distribution  of  this  drug  began 
to  emerge.  In  1973,  Rosseel  and  Bogaert  (44)  developed  the  first  assay  for  NG 
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capable  of  detecting  the  exceedingly  low  (ng/ml)  concentrations  present  In 
plasma  of  exposed  persons.  This  method  coupled  benzene  extraction  with  gas 
chromatography  using  ?in  electron  capture  detector  (GC/ECD)  and  achieved  a 
sensitivity  of  0.5  ng/ml  for  NG  (44).  Subsequent  modifications  of  this 
procedure.  Including  the  Introduction  of  glass  capillary  columns,  Increased 
the  sensitivity,  specificity,  and  resolution  of  NG  metabolites  In  urine, 
plasma,  and  body  tissues  (18,  30,  45,  47,  49,  52).  Methods  employing  other 
techniques  such  as  high-pressure  liquid  chromatography  (51)  and  gas 
chromatography/mass  spectroscopy  (47)  have  been  reported.  However,  because  of 
Its  accessibility  and  ease  of  operation,  GC/ECD  has  been  the  most  commonly 
used  analytical  method  In  recent  years. 

Nitroglycerin  Is  unstable  In  biological  samples  and  Is  subject  to 
microbial  degradation  (29).  Thus,  considerable  care  must  be  taken  In 
collection  and  storage  of  biological  materials.  More  details  about  problems 
of  handling  and  storage,  and  the  development  of  analytic  procedures  can  be 
found  In  a  review  by  Curry  and  Aburawl  (11). 

ENZYMATIC  DEGRADATION 

Nitroglycerin  is  sequentially  denitrated  to  the  metabolites  glyceryl 
dinitrate  (GDN)  and  glyceryl  mononitrate  (GMN)  by  the  enzyme  organic  nitrate 
reductase  (37).  This  glutathione-dependent  enzyme  reaction  occurs 
predominantly  in  the  liver;  but  It  has  also  been  found  in  the  arteries,  veins, 
muscle,  lung  tissue,  and  red  blood  cells  (14,  15,  36).  The  half-life  of  NG  is 
about  1  minute  in  isolated  perfused  rat  liver;  while  in  blood,  denitration  is 
relatively  slow  with  a  half-life  of  about  20  minutes  at  an  optimum  temperature 
of  50  to  57°C  (36).  With  time,  the  d1-  and  monoglyceryl  nitrates  are  further 
degraded  by  other  enzyme  systems  to  glycerol  and  CO2.  The  glucuronides  of  NG, 
GDN,  and  GMN  are  present  in  urine. 

Short  and  Dacre  (46)  Found  differences  In  the  relative  quantities  of 
1,2-GDN  to  1,3-GDN  produced  by  liver  homogenates  from  different  species.  The 
ratio  was  0.3  for  monkey,  0.4  for  rabbit,  dog,  and  human,  1.4  for  rat,  and  2.4 
for  mouse.  As  with  other  liver  enzymes,  organic  nitrate  reductase  is  Induced 
by  phenobarbital  and  Inhibited  by  SKF  525A.  Bogaert  showed  that,  following 
treatment  with  NG,  plasma  organic  ni*  ate  levels  decrease  in  animals 
pretreated  with  phenobarbital  and  increase  in  those  pretreated  with  SKF  525A 
(9).  The  converse  is  true  for  urinary  excretion  of  NG  metabolites  (7). 

ABSORPTION  AND  METABOLISM 


Plasma  NG  Levels 

Many  studies  of  the  absorption,  metabolism,  and  excretion  of  NG  have  been 
performed  In  man  and  laboratory  animals.  Although  there  are  some  Interspecies 
differences,  the  pharmacokinetics  and  distribution  patterns  of  NG  and  its 
metabolites  are  similar  in  most  species.  NG  Is  readily  absorbed  following 
dermal.  Intravenous  (l.v.),  sublingual,  and  oral  exposure.  Maximum  NG  levels 
are  reached  in  the  blood  shortly  after  l.v.  and  sublingual  administration. 

Its  rapid  metabolism,  elimination,  and  extensive  tissue  distribution  result  in 
rapid  clearance  of  NG  from  the  blood. 
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Peak  plasma  concentrations  of  N6  occur  within  2  to  6  minutes  after 
sublingual  administration  to  humans  (2,  S,  17,  50).  The  maximum 
concentrations  attained  are  quite  low  and  vary  between  1  ng/ml  and  2.3  ng/ml 
for  doses  of  0.3  mg  to  0.6  mg,  respectively  (2,  50).  The  disappearance  of  NG 
from  plasma  follows  first  order  kinetics  (53).  According  to  Gjesdal,  the 
half-life  Is  Independent  of  the  maximum  NG  concentration  achieved  In  plasma 
(17).  Typical  plasma  half-llfes  following  sublingual  administration  or 
Injection  Into  the  bloodstream  are  shown  In  Table  2. 

TABLE  2 

PUSMA  NG  HALF-LIFES 


Species 

Route  of 
Administration 

Half-life 

(minutes) 

Reference 

Rat 

Intracardlal 

4.2 

53 

Man 

1  .V. 

3.0 

34 

Han 

sublingual 

3.0 

17 

Nan 

sublingual 

4.4 

2 

In  1972,  Needleman  (38)  determined  blood  clearance  rates  during  the  first 
2  minutes  after  l.v.  Injection  of  radiolabeled  NG.  Blood  clearance  was 
extremely  rapid  Immediately  after  dosing.  The  clearance  was  biphasic;  an 
Initial  fall  In  NG  levels  occurred  with  a  half-life  of  about  10  to  14  seconds 
during  the  first  30  seconds.  Clearance  proceeded  with  a  half-life  of  about  1 
minute  between  30  and  120  seconds  after  administration.  By  1  minute,  about  80 
percent  of  the  parent  nitrate  was  cleareo  from  the  blood.  By  10  minutes,  only 
5  percent  of  the  radioactivity  present  at  10  seconds  remained;  and  by  15 
minutes,  no  detectable  NG  was  present  In  the  blood. 

OlCarlo  et  al.  (12)  and  Hodgson  and  Lee  (22)  showed  that  when  radiolabeled 
NG  Is  administered  to  rats,  the  radioactivity  In  the  blood  represents  only  a 
small  fraction  of  the  total  administered  dose.  McNIff  (34)  estimated  that 
only  about  1.3  percent  of  the  total  body  load  of  NG  Is  found  In  the  plasma. 

Its  apparent  volume  of  distribution  (V^j)  Is  high.  Indicating  that  NG  Is 
extensively  distributed  In  the  body.  In  the  rat,  the  Vj  following  Intracardlal 
Injection  was  calculated  to  be  3.1  liter/kg  which  Is  not  significantly 
different  from  the  of  ?J  liter/kg  resulting  from  administration  by  gavage 
(53).  Volumes  of  distribution  of  3.3  liter/kg  (34)  and  2.6  liter/kg  (2)  were 
estimated  In  humans  following  l.v.  Infusion  and  sublingual  administration, 
respectively. 

Following  administration  of  radiolabeled  NG,  radioactivity  can  be  detected 
In  many  tissues  and  organs  (12,  22).  Although  the  relative  quantities  of 
radioactivity  In  different  organs  vary  with  the  species,  the  highest 
concentrations  are  generally  found  In  the  liver.  The  levels  of  radioactivity 
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decline  rapidly  in  most  organs  but  may  remain  elevated  In  the  liver  for  24 
hours  (22). 

Bogaert  et  al.  (8,  9)  reported  that  plasma  NG  levels  declined  Immediately 
after  l.v.  Injection  In  the  rabbit  and  dog.  Plasma  nitrate  levels  then 
gradually  Increased  towards  a  maximum  at  10  to  20  minutes  after 
administration.  The  early  profile  of  NG  In  plasma  was  attributed  to  the  rapid 
uptake  of  NG  by  different  organs,  especially  the  liver,  with  a  subsequent 
release  from  the  tissues  back  Into  the  bloodstream.  In  support  of  this 
premise,  Bogaert  showed  that  tissue  (liver,  kidney,  heart,  lung,  striated 
muscle,  and  fat)  levels  were  highest  at  2  minutes  after  l.v.  Injection  when 
plasma  nitrate  levels  were  low,  while  the  converse  was  true  at  20  minutes. 
While  Bcgaert  thought  that  the  nitrate  In  plasma  at  10  to  20  minutes  after 
Injection  was  unchanged  NG,  later  Investigators  (47,  51),  using  more  refined 
techniques,  demonstrated  that  NG  disappears  rapidly  from  plasma;  the  nitrates 
appearing  after  the  Initial  decline  of  NG  are,  for  the  most  part,  NG 
metabolites. 


In  contrast  to  l.v.  administration,  Bogaert  et  al.  noted  that,  after 
gastric  Intubation  of  NG,  organic  nitrate  levels  Increased  slowly  In  plasma 
and  reached  a  maximum  in  35  minutes  (9).  Again,  the  organic  nitrates  which 
Bogaert  observed  were  probably  NG  metabolites  since  later  studies  established 
that  oral  administration  of  NG  results  in  sustained  levels  of  NG  metabolites 
with  little  of  the  parent  compound  in  the  blood  (38,  39). 

To  account  for  the  paucity  of  unchanged  NG  In  the  bloodstream  following 
oral  administration,  Needleman  et  al.  postulated  that  NG  Is  extensively 
metabolized  to  the  di-  and  monoglyceryl  nitrates  during  its  first  passage 
through  the  liver  with  little  or  none  of  the  NG  being  released  from  the  liver 
as  the  Intact  parent  compound  (38).  Later  studies  showed  that  the  liver 
cannot  be  responsible  for  all  NG  metabolism  and  that  substantial  metabolism 
occurs  in  other  tissues  (11). 

Metabolites  in  Plasma 


Nitroglycerin  metabolites  are  cleared  slowly  from  plasma  in  accordance 
with  first-order  kinetics.  Mizuguchl  et  al.  (35)  measured  the  rate  of 
disappearance  of  radioactive  materials  from  plasma  following  l.v.  injection  of 
^^C-NG  and  found  that  labeled  metabolites  disappear  from  rat  plasma  with  a 
half-life  of  2.13  hours.  Using  similar  experimental  conditions,  Needleman  et 
al.  (38)  found  that  the  half-life  of  NG  metabolites  Is  almost  4  hours. 


Needleman  et  al.  (38)  found  that  metabolites  appeared  In  the  blood  within 
5  minutes  after  administration  of  radioactive  NG  to  rats  by  gavage.  At  that 
time,  unchanged  plasma  NG  represented  2  percent  or  less  of  the  total  quantity 
of  the  administered  radiolabel.  The  relative  concentrations  of  NG  and  Its 
metabolites  In  plasma  for  the  first  4  hours  after  NG  administration  are  shown 
in  Table  3. 
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TABLE  3 


PLASMA  METABOLITE  LEVELS JN  RATS 
TREATED  ORALLY  WITH  ^^C-NG 


Time 

(min) 

NG 

(cpm) 

Metabolites 

(cpm) 

5 

96 

5940 

30 

192 

6609 

60 

158 

6956 

120 

126 

7169 

240 

0 

5488 

Data  from  Needleman  et  a1.,  (38) 


In  1986,  Noonan  et  a1.  reported  that  elimination  half-1  Ifes  for  dinitrate 
metabolites  are  approximately  twenty-fold  longer  than  the  2  to  3-ffl1nute 
half-life  of  the  parent  compound  (40).  Woodward  et  a1.  (51)  found  that  the 

dinitrate  Isomers  reach  a  peak  at  10  minutes  after  sublingual  exposure  to 
600  pg  N6  and  decline  very  slowly  thereafter.  Substantial  levels  were  present 
In  plasma  at  30  minutes  after  exposure.  Nitroglycerin  reached  a  peak  within  5 
or  6  minutes  after  exposure  and  declined  rapidly  to  almost  nondetectable 
levels  within  20  minutes. 

In  1987,  Soufi  et  a1.  (47)  examined  organic  nitrates  In  the  plasma  of  four 
subjects  who  received  NG  (300  ^g)  by  l.v.  Infusion  for  30  minutes.  Blood  was 
collected  at  1,  15,  30,  and  45  minutes  and  organic  nitrates  were  examined  by 
GC/ECO.  1,2-GON,  but  not  1,3-GON,  was  detected  In  plasma.  Nitroglycerin  was 
not  detectable  at  45  minutes. 

In  contrast,  Langseth-Manrique  and  Bredesen  (30)  detected  1,3-GDN  In 
plasma  from  2  cardiac  patients  who  received  l.v.  Infusions  of  NG  for  a  period 
of  2  days.  Plasma  samples  were  obtained  periodically  throughout  the  Infusion 
and  examined  by  capillary  GC/ECO.  For  the  first  24  hours  of  the  Infusion, 
there  were  approximately  equal  quantities  of  1,3-GDN  and  NG  and  about  six 
times  more  1,2-GON.  The  six-fold  difference  between  1,2-GON  and  1,3-GDN  was 
maintained  throughout  the  48-hour  Infusion  period. 

Noonan  and  Benet  (39)  showed  that  the  relative  proportions  of  NG 
metabolites  vary  with  the  route  of  administration  In  humans.  The  ratios  of 
1,2-GDN  to  1,3-GON  were  7.36,  4.60,  3.86,  and  1.99  for  l.v.,  sublingual, 
topical,  and  oral  doses,  respectively.  The  ratios  were  constant  for  3  hours 
after  administration  and  were  significantly  different  for  oral  and  l.v. 
exposures.  In  this  study,  6.5  mg  NG  In  drinking  water  was  administered  to 
four  men.  Two  others  received  0.4  mg  subl Ingually.-and  a  topical  ointment 
containing  20  mg  NG  was  spread  evenly  over  a  200  cm^  area  on  the  chest  of  four 
other  subjects  for  5  hours.  Nitroglycerin  was  administered  by  l.v.  Infusion 
(10,  20  and  40  /ig/m1n)  to  four  subjects.  The  elimination  half-llfes  for  each 
exposure  route  are  shown  In  Table  4. 
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TABLE  4 

PLASMA  HALF-LIFES  OF  NG  METABOLITES 


Route  of  Half-Hfe  (minutes  ~  S.D.) 
Administration  1,2-GDN  1,3-GON 


Oral 

44.1  ± 

8.3 

42.6  ±  10.6 

l.v.  Infusion 

33.2  ± 

6.5 

57.2  i-  30.0 

Transdermal 

35.8  ± 

10.3 

67.3  ±  11.7 

Sublingual 

36.5  i 

6.9 

43.8  ±  12.0 

Data  from  Noonan  and  Benet  (39) 


Overall,  there  were  no  significant  differences  between  the  half-llfes  for 
1,2-GDN  and  1,3-GDN  or  between  the  half-llfes  observed  after  different  routes 
of  administration.  The  relative  concentration  of  1,3-GDN  was  greater  after 
passage  across  dermal  and  sublingual  membranes  than  after  l.v.  Injection.  To 
explain  this,  Noonan  presented  the  hypothesis  that  the  specificities  of 
enzymes  In  the  sublingual  mucosa  and  viable  stratum  corneum  of  skin  differ 
from  those  In  other  tissues.  Whereas  systemically  administered  NG  Is 
metabolized  preferentially  to  the  1,2-Isomer,  metabolism  In  the  skin  and 
sublingual  mucosa  are  more  specific  for  1,3-GON. 

Dllley  reported  that  plasma  half-llfes  of  1,2-GDN  and  1,3-6DN  ranged  from 
22  tO-34  minutes  and  24  to  45  minutes,  respectively.  In  4  dogs  Injected  l.v. 
with  ■^H-NG  (13).  Glyceryl  mononitrate  levels  were  relatively  stable  during 
the  2-hour  post-injection  observation  period.  Repeated  exposure  to  NG 
Increased  the  plasma  half-llfes  of  the  metabolites.  Tritlated-nitroglycerin 
was  Injected  l.v.  before  and  1  day  after  a  10- day  period  of  exposure  to  NG  by 
Inhalation.  The  biological  half-llfes  of  1,2-GDN  and  1,3-GDN  were  25.3  and 
49.8  minutes  before,  and  35.3  and  68.3  minutes  after  repeated  exposure  to  NG 
vapor.  Idzu  et  al.  (26)  similarly  noted  that  repeated  percutaneous  exposure 
lengthened  plasma  clearance  times  In  rats  (see  below). 

Elimination 

Nitroglycerin  metabolites  are  excreted  In  urine,  feces,  and  as  CO2  In 
expired  air.  Kikukawa  and  Kagitani  (28)  found  that  about  97  percent  of  the 
total  dose  of  radiolabeled  NG  administered  by  l.v.  Injection  to  rats  was 
excreted  In  48  hours;  54  percent  was  found  In  urine,  33  percent  was  expired, 
and  10  percent  was  present  In  feces.  Hodgson  and  Lee  obtained  similar  results 
after  oral  administration  of  radioactive  NG  to  rats  (22).  At  4  hours,  21 
percent,  2.3  percent,  and  19.8  percent  of  the  administered  dose  was  found  In 
the  urine,  feces  and  exhaled  air,  respectively.  Lee  et  al.  (32)  showed  that 
the  fraction  excreted  by  different  routes  varies  with  the  species.  While  mice 
and  rats  excreted  substantial  amounts  In  both  the  urine  and  expired  air,  urine 
was  the  main  route  of  elimination  for  the  rabbit,  monkey,  and  dog. 

When  DICarlo  et  al.  (12)  treated  rats  with  a  single  gavage  dose  of  ^^C-NG, 
more  than  half  the  radiolabel  was  removed  from  the  gastrointestinal  tract 


13 


within  30  minutes.  At  this  time,  6.4  percent  of  the  total  dose  was  present  In 
blood  and  7  percent  was  In  the  liver.  After  4  hours,  2.5  percent  remained  In 
the  liver.  Of  the  total  radlolabel  In  the  body,  2.9  percent,  6.1  percent, 

15.5  percent,  and  21  percent  appeared  In  the  urine  at  0.5,  1,  2,  and  4  hours, 
respectively.  At  4  hours,  only  2  percent  of  the  label  was  present  In  feces 
while  the  amount  present  as  CO2  exhaled  was  approximately  the  same  as  that  In 
urine. 

Bogaert  et  al.  (7)  administered  NG  (1  mg/kg  l.v.)  to  four  rabbits  and 
observed  GMN  and  1,3-GDN,  but  not  1,2-GDN,  In  urine  within  a  few  minutes  after 
NG  dosing. 

DICarlo  et  al.  (12)  found  no  unmetabollzed  NG  In  the  urine  of  rats  treated 
orally  with  ^^C-NG,  Glycerol  was  the  principal  metabolite.  In  contrast  to 
the  findings  of  Bogaert  (7),  there  was  considerably  more  1,2-GDN  than  1,3-GDN 
In  the  urine.  The  relative  amounts  of  the  monoglycerldes  Increased  with  time 
(Table  5). 


TABLE  5 

PERCENT  OF  ADMINISTERED  NG  PRESENT  IN  RAT  URINE 
WITH  TIME  AFTER  DOSING 


Metabolite 

30  min 

1  hr 

2  hr 

4  hr 

1,2-GDN 

0.40 

0.10 

0.87 

1.29 

1,3-GDN 

0.11 

0.04 

0.43 

0.51 

1-GMN 

0.20 

0.25 

2.05 

2.41 

2 -GMN 

0.23 

0.16 

1.62 

1.88 

glycerol 

0.95 

2.80 

4.25 

6.64 

Data  from  DICarlo  et  al.  (12) 


Needleman  et  al.  (36)  reported  that  49  percent  of  the  ^^C-NG  administered 
to  rats  by  subcutaneous  injection  was  recovered  in  the  urine  within  24  hours. 
Of  the  total  counts  present  in  rat  urine  at  24  hours  after  treatment,  2.7 
percent  was  NG,  4  percent  was  1,3-GDN,  12  percent  was  1,2-GDN,  65  percent  was 
GMN,  and  the  remainder  was  unidentified  water-soluble  compounds. 

O'Rourke  et  al.  (42)  determined  metabolite  levels  In  urine  collected  at  6, 
24,  and  30  hours  after  oral  administration  of  20  mg  NG  to  dogs.  The  6-hour 
urine  sample  contained  some  intact  NG,  larger  amounts  of  the  two 
dinitroglycerins,  and  probably  a  mononitrate.  After  24  hours,  NG  was  no 
longer  present  in  the  urine,  and  by  30  hours,  no  nitrates  were  found. 
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Clearance  of  Individual  Metabolites 

Hodgson  et  a1.  (21)  administered  both  Isomers  of  ^^C*1abe1ed  GON  and  GMN 
by  gavage  to  rats.  Of  the  administered  doses,  20  percent  of  the  GDNs  and  20 
percent  of  the  1-GMN,  but  only  7  percent  of  the  2-GMN,  were  recovered  in 
expired  air  within  24  hours.  About  50  percent  of  the  administered  doses  of 
1,2'GON  and  2-GHN,  but  only  25-30  percent  of  the  administered  1,3-GDN  and 
1-GHN  doses,  appeared  in  24-hour  urine  samples.  The  free  GMNs,  glucuronide 
conjugates  of  GDN  and  GMN,  glycerol  and  other  polar  metabolites  were  present 
in  the  urine  of  rats  treated  with  isomers  of  GDN.  Administration  of  the 
Isomers  of  GMN  resulteo  in  the  appearance  of  substantial  amounts  of  unchanged 
GMN  in  urine  as  well  as  glycerol  and  other  polar  metabolites.  No 
GMN-glucuronides  were  found.  In  a  study  with  humans,  Bogaert  et  al.  (6) 
administered  capsules  containing  either  NG,  1,2-GDN,  1,3-GDN,  or  1-GMN  to  4 
volunteers.  (Capsules  were  given  to  avoid  absorption  through  the  buccal 
mucosa.)  After  administration  of  NG,  GMN  was  excreted  in  the  urine  for  9  to 
27  hours.  Glyceryl  mononitrate  was  the  major  metabolite  found  in  urine  after 
administration  of  the  dinitrates.  Administration  of  the  mononitrate,  led  to 
the  urinary  excretion  of  GMN  for  7  to  9  hours. 

Laufen  and  Leitold  (31)  administered  1-GMN  by  i.v.  Infusion  or  by  mouth  to 
10  healthy  men.  The  average  elimination  half-1 ifes  were  2.50  and  2.54  hours 
after  i.v.  and  oral  dosing,  respectively.  Twenty  percent  of  the  excreted  GMN 
was  in  the  conjugated  form.  The  intersubject  variances  in  pharmacokinetic 
parameters  were  much  lower  than  normally  seen  with  NG. 

In  a  similar  study,  a  single  human  volunteer  was  given  20  mg  1-GMN  in 
drinking  water  and  the  quantity  of  1-GMN  in  plasma  was  measured.  Levels  of 
1-GMN  peaked  soon  after  administration  and  declined  rapidly  thereafter.  It 
was  not  detectable  24  hours  later  (45).  The  terminal  plasma  half-life  was 
calculated  to  be  3.6  hours. 

TRANSDERMAL  ABSORPTION 

Glyceryl  trinitrate  and  its  metabolites  may  be  found  in  plasma  during 
dermal  contact  with  NG.  Depending  on  the  dose  and  method  of  application, 
plasma  NG  frequently  attains  concentrations  of  1  to  10  ng/ml  during  continuous 
transdermal  administration  in  therapeutic  regimens  (11).  In  1985,  Curry  and 
Aburawi  (11)  noted  that  NG  is  not  detectable  in  plasma  at  doses  below  a 
threshold  level  (16).  They  conjectured  that  this  is  due,  in  part,  to  the 
processing  of  NG  within  skin  cells.  Thus,  if  low  doses  of  NG  are  extensively 
metabolized  during  passage  through  the  skin,  the  parent  compound  might  not  be 
detectable  in  plasma.  Indeed,  more  recent  work  indicates  that  NG  metabolism 
can  occur  within  skin  tissue.  In  human  studies,  Lloyd  found  that  1,2-GDN  and 
1,3'GDN  appeared  with  time  in  NG-contaminated  skin  (33).  The  relative  amounts 
of  the  dinitrates  rapidly  increased  during  the  first  8  hours  after  skin 
contact  with  a  concomitant  rapid  loss  of  NG.  After  that,  the  change  occurred 
more  slowly.  The  ratio  of  1,2-GDN  to  1,3-GDN  varied  between  1.5  and  2  during 
the  first  38  hours  after  exposure. 

In  comparison  with  other  routes  of  administration,  there  has  been  little 
work  on  the  characteristics  of  NG  metabolites  following  transdermal 
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absorption.  In  his  limited  study  with  two  dogs,  Dllley  (13)  found  that 

1.2- GDN,  1,3-GON,  and  GMN,  but  virtually  no  NG,  were  present  In  blood  during 
percutaneous  administration  of  ^H-NG.  The  plasma  concentrations  of  NG 
metabolites  Increased  erratically  during  the  5-hour  transdermal  exposure 
period.  The  profile  of  plasma  metabolites  was  similar  In  monkeys  treated 
under  comparable  conditions.  However,  In  monkeys,  NG  appeared  transiently  In 
plasma  at  4  hours  after  exposure  began.  In  both  dogs  and  monkeys,  there  was 
about  twice  as  much  1,2-GDN  as  1,3-GON  In  plasma  (13).  The  ratios  of  1,2-GDN 
to  1,3-GDN  reported  by  Dllley  (13)  and  Lloyd  (33)  are  consistent  with  the 
findings  of  Noonan  who  showed  that  the  ratio  of  i,2-GDN  to  1,3-GDN  Is  lower  In 
plasma  following  topical  administration  compared  to  sublingual  or  l.v 
administration  (39). 

Idzu  et  a1.  (26)  repeatedly  administered  ^^C-labeled  NG  percutaneously  to 
rats  for  1  week.  The  maximum  level  of  radioactivity  In  plasma  was  attained  4 
hours  after  administration.  Within  3  to  4  days,  the  level  of  radioactivity  In 
plasma  attained  a  steady  state.  The  major  metabolites  In  urine  were  GMN  and 

1.2- GDN  glucuronicle.  These  metabolites  were  present  In  the  same  relative 
concentrations  In  urine  after  oral  and  l.v.  administration. 

The  surface  area  of  the  skin  to  which  NG  Is  applied  may  have  a  major 
Influence  on  rates  of  transdermal  absorption.  In  studies  with  the  Rhesus 
monkey,  Noonan  and  Wester  (41)  showed  that  Increasing  the  exposed  surface  from 
2  cm^  to  50  cm^,  while  keeping  the  total  amount  applied  constant.  Increased  NG 
absorption  by  36.4  percent.  Sved  et  a1.  (48)  applied  16  mg  of  a  2  percent 
commercial  ointment  to.the  skin  of  human  volunteers.  Increasing  the  surface 
area  from  25  to  100  cm^,  while  keeping  the  dose  constant,  more  than  doubled 
plasma  NG  concentrations.  Blood  NG  concentrations  peaked  at  0.15  to  0.18 
ng/ml  30  minutes  after  application  to  a  skin  area  of  25  cm^.  The  NG  levels 
declined  rapidly  and  were  undetectable  at  90  minutes  after  application.  With 
an  area  of  100  cm^,  NG  concentrations  peaked  at  levels  as  high  as  0.88  ng/ml 
at  45  minutes  after  application;  the  blood  levels  declined  much  more  slowly 
than  with  the  smaller  area.  When  different  doses  were  applied  over  the  same 
surface  area,  absorption  continued  for  a  substantially  longer  time  as  the  dose 
Increased  (48). 

Gross  et  al.  (20)  studied  dermal  absorption  by  rats  of  NG  from  gel  and 
soft  paste  mixtures.  The  gel  mixture  contained  93  percent  NG  whereas  the 
paste  contained  22  percent  NG,  6  percent  dinitrotoluene,  5  percent 
trinitrotoluene,  65  percent  NaCl,  and  fillers.  A  range  of  concentrations  for 
each  preparation  was  kept  In  place  under  a  dressing  on  a  shaved  area  of  the 
back  for  4  days  for  the  gel  and  8  days  for  the  paste.  The  rate  of  absorption, 
determined  from  the  amount  of  NG  remalolng  In  the  dressing,  was  0.85 
mg/cmvhour  for  the  gel  and  0.63  mg/cmVhour  for  the  paste.  Gross  et  al. 
concluded  that  the  amount  absorbed  was  dependent  on  the  exposed  surface  area 
and,  beyond  a  certain  minimal  concentration,  was  Independent  of  the  amount 
applied. 

Horhota  and  Fung  (25)  examined  the  Influence  of  the  vehicle  on  the 
absorption  rate  of  NG  applied  to  the  rat  abdomen.  Absorption  was  measured  by 
plasma  NG  levels.  Nitroglycerin  was  absorbed  at  a  much  slower  rate  from 
applications  of  pure  NG  or  alcoholic  NG  solutions  than  from  commercial 
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ointments  containing  2  percent  NG  In  an  oleaginous  vehicle.  There  was 
practically  no  absorption  from  gels  containing  polyethylene  glycol. 

Other  factors  which  may  affect  transdermal  absorption  Include  differences 
among  Individuals,  species,  and  site  of  application.  Substantial  Individual 
variation  In  the  rates  of  percutaneous  NG  absorption  were  observed  In  the  rat 
(20)  and  In  humans  (27).  Black  (4)  published  plasma  concentration  curves  for 
seven  subjects  wearing  commercial  NG  patches  (20  cm^)  over  a  24-hour  period. 
His  data  showed  that  there  are  extreme  fluctuations  In  NG  levels  In  Individual 
subjects  with  maxima  occurring  anywhere  between  1  and  20  hours  after  the  start 
of  exposure.  A  strong  Interindividual  variation  In  plasma  NG  levels  In  human 
subjects  during  dermal  contact  with  NG  was  also  observed  by  Curry  (11)  and 
GJesdal  (17).  Horhota  and  Fung  (24)  studied  the  Influence  of  the  site  of 
dermal  contact  on  NG  absorption  In  rats  using  plasma  NG  levels  as  a  measure  of 
the  amount  absorbed.  No  plasma  NG  was  observed  following  application  of  NG  as 
a  2  percent  ointment  or  as  a  6.9  percent  alcohol  solution  to  shaved  skin  on 
the  back;  whereas  plasma  NG  levels  as  high  as  30  to  40  ng/ml  were  achieved 
following  application  of  the  NG  ointment  to  the  abdomen.  The  latter  plasma  NG 
levels  were  maintained  throughout  the  4-hour  exposure  period.  The  differences 
In  absorption  from  the  two  anatomical  sites  apparently  were  not  related  to 
differences  In  NG  metabolism  since.  In  a  similar  experiment.  Yap  and  Fung  (53) 
found  only  very  low  levels  of  GON  In  plasma,  as  well  as  no  detectable  NG, 
after  topical  administration  to  the  back  skin  on  the  rat. 

Horhota  and  Fung  (24)  argued  that  differences  In  absorption  rates  from  the 
two  anatomical  sites  were  due  to  differences  In  the  histologic  structure  of 
the  skin,  as  the  relative  depth  of  cornifled  tissue  Is  greater  In  the 
epidermis  on  the  back  than  on  the  abdomen.  By  applying  an  NG  ointment  to  an 
area  of  the  back  from  which  part  of  the  cornifled  tissue  was  removed  by 
stripping  with  adhesive  tape,  they  demonstrated  that  the  stratum  corneum  may 
act  as  a  barrier  to  NG  penetration.  In  this  case,  NG  was  present  In  plasma 
but  the  levels  were  still  lower  than  those  observed  after  application  to  the 
abdomen. 

Several  studies  have  established  that  the  site  of  blood  collection 
relative  to  the  site  of  skin  contact  can  affect  the  levels  of  NG  detected  in 
the  plasma  (2,  3,  17).  In  work  with  humans,  Karim  found  no  NG  In  blood  taken 
from  the  contralateral  arm  when  NG  was  applied  to  the  volar  surface  of  the 
wrist.  However,  application  of  NG  to  the  chest  resulted  In  sustained  levels 
of  plasma  NG  (27).  In  contrast,  Noonan  and  Wester  (41)  found  no  significant 
differences  In  the  absorption  rate  from  different  anatomical  sites  (chest. 
Inner  arm.  Inner  thigh,  and  postauricular  region)  In  the  rhesus  monkey.  In 
this  study,  the  absorption  rate  was  measured  by  the  amount  of  radioactivity 
excreted  In  the  urine  after  application  of  ^^C-NG.  A  possible  reason  for 
differences  In  the  results  of  this  study  and  those  of  Karim  (27)  and  Horhota 
and  Fung  (24)  Is  that  the  use  of  urine  to  assess  NG  absorption  negated  the 
differences  In  blood  plasma  levels  that  can  occur  when  blood  is  withdrawn  from 
different  anatomical  sites  relative  to  the  site  of  NG  application. 

INDUSTRIAL  STUDIES 


GJesdal  (17)  found  high  plasma  NG  concentrations  among  12  production 
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workers  In  a  gunpowder  plant.  Blood  samples  were  collected  from  the  cubital 
vein  before  and  during  work.  Plasma  NG  Increased  significantly  during  the 
work  shift.  It  was  not  detected  In  any  samples  collected  before  work  at  0600 
hours  but  It  appeared  at  0900  hours  and  Increased  between  0900  hours  and  1300 
hours.  Nitroglycerin  levels  In  0900-hour  samples  collected  on  a  Tuesday  were 
significantly  greater  than  those  In  samples  collected  at  the  same  time  on  the 
preceding  Monday.  However,  there  was  no  difference  between  NG  levels 
collected  at  1300  hours  on  the  same  2  consecutive  days. 

Much  higher  concentrations  of  NG  were  found  In  the  cubital  vein  than  In 
the  femoral  vein.  Indicating  that  a  major  part  of  the  NG  absorption  occurred 
through  the  skin  of  the  hands  and  arms.  Absorption  through  the  skin  occurred 
despite  the  use  of  protective  clothing.  Some  workers  had  consistently  higher 
plasma  NG  levels  than  others  In  the  same  work  area.  According  to  Gjesdal, 
this  most  likely  resulted  from  Individual  differences  In  rates  of  absorption 
through  the  skin  rather  than  rates  of  NG  metabolism  since  only  minimal 
variations  In  plasma  clearance  rates  occurred  after  NG  was  administered 
sublingually  to  the  same  Individuals. 

Differences  were  found  In  plasma  NG  concentrations  at  two  different  work 
areas  where  the  airborne  NG  levels  were  equal.  Thus,  there  was  no  association 
between  airborne  NG  and  plasma  NG  concentrations.  The  differences  In  the 
plasma  concentrations  at  the  two  sites  were  attributed  to  differences  In 
dermal  contact  with  NG.  Gjesdal  concluded  that  skin  absorption  Is  a  major 
source  of  plasma  NG  In  the  workplace.  When  the  opportunity  exists  for 
exposure  through  both  the  skin  and  lungs,  the  amount  absorbed  through  the 
lungs  would  probably  be  minimal  compared  to  that  absorbed  through  the  skin. 

Moderate  changes  In  pulse  rate  and  blood  pressure  occurred  during  working 
hours,  but  these  effects  were  not  significantly  associated  with  plasma  NG 
concentrations.  In  addition,  headaches  that  increased  throughout  the  day  were 
a  frequent  symptom  among  workers.  However,  the  occurrence  of  headaches  was 
not  significantly  related  to  NG  concentrations  In  the  air  or  In  the  blood  from 
the  cubital  vein  (17). 


DISCUSSION 

Because  of  Its  medical  Implications,  most  pharmacokinetic  studies  of 
transdermal  NG  absorption  focused  on  plasma  NG  levels.  While  few  studies 
addressed  urinary  metabolites,  the  available  Information  Indicates  that  NG 
metabolites  are  present  In  urine  In  sufficiently  high  concentrations  to 
warrant  further  consideration  of  this  medium  for  biological  monitoring.  As 
discussed  below,  there  *^re  major  Information  gaps  which  would  necessitate 
further  research  before  biological  monitoring  Is  feasible. 

The  media  most  practical  for  biological  monitoring  are  expired  air,  urine 
and  blood.  Of  these,  expired  air  Is  not  suitable  for  monitoring  NG.  Although 
a  sizable  fraction  of  the  absorbed  compound  Is  excreted  via  the  lungs,  the  NG 
metabolic  product  In  expired  air  Is  CO2  which,  of  course,  cannot  be 
distinguished  from  CO2  derived  from  other  sources. 
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In  1976,  Gotell  suggested  that  plasma  levels  of  ethylene  glycol  d1 nitrate 
(EGON)  and  NG  could  be  used  to  monitor  exposure  to  these  compounds  In  air 
(19).  Gotell  measured  blood  EGON  concentrations  in  volunteers  exposed  to 
known  airborne  concentrations  of  the  compound  (1.2,  6  and  7.8  mg/m'*).  Under 
the  conditions  of  the  study,  there  was  no  direct  dermal  contact  with  EGON 
although  some  airborne  material  may  have  been  absorbed  through  the  skin. 

Blood  EGDN  was  highly  correlated  with  airborne  EGDN  levels  in  the  range  0.9  to 
8.0  ng/ml  blood.  Based  on  these  findings,  Gotell  suggested  that  a  maximum 
blood  EGON  concentration  of  2  ng/ml  would.correspond  to  an  8>hour  time 
weighted  average  exposure  (TWA)  of  1  mg/m^.  He  further  estimated  that  a 
maximum  blood  concentration  of  4  ng/ml  would  correspond  with  an  8-hour  TWA  for 
NG  exposure  of  2  mg/m^.  The  maximum  blood  NG  concentration  recommended  by 
Gotell  seems  rather  excessive  in  view  of  findings  that  therapeutic  topical 
doses  of  NG  frequently  result  in  NG  plasma  concentrations  in  the  range  of  1  to 
10  ng/ml  (11). 

Although,  plasma  NG  levels  may  possibly  be  useful  for  monitoring  exposure 
to  airborne  NG,  the  profile  of  NG  in  the  blood  or  urine  has  questionable 
potential  for  use  in  biological  monitoring  of  skin  contact  with  NG.  There  is 
little  question  that  NG  becomes  elevated  in  human  plasma  during  extended 
periods  of  skin  contact.  However,  NG  levels  can  undergo  extreme  fluctuations 
during  dermal  contact  (4,  11)  which  would  make  plasma  NG  an  unwise  choice  for 
a  biological  exposure  determinant.  However,  the  limited  available  data  do  not 
indicate  that  NG  metabolites  undergo  such  extreme  fluctuations  (13).  Thus, 
the  metabolites  may  be  useful  for  this  purpose. 

Only  a  few  studies  have  examined  plasma  metabolites  during  transdermal 
absorption  (13,  39).  Dilley  found  that  the  levels  of  metabolites,  especially 
GMN,  Increased  erratically  throughout  the  dermal  exposure  period,  possibly 
approaching  a  steady  state  towards  the  end  of  the  5-hour  exposure  in  dogs. 
Concentrations  between  1  to  10  ng/ml  and  3  to  20  ng/ml  for  1,2-GDN  and 
1,3-GON,  respectively,  were  observed.  Glyceryl  mononitrate  levels  as  high  as 
100  ng/ml  were  detected  after  a  4-hour  exposure  in  one  dog.  A  maximum  of  37.5 
ng/ml  GMN  was  found  in  the  second  dog.  (Analyses  of  total  radiolabel  in  urine 
suggested  that  the  differences  between  the  two  dogs  resulted  from  variances  in 
total  absorption  rather  than  rates  of  metabolism.) 

GJesdal  found  very  high  plasma  NG  levels  (2.2  to  44  nmol/1)  in  dynamite 
workers  (17).  Although  he  did  not  examine  NG  metabolites,  it  can  be  assumed 
from  studies  of  NG  administered  by  other  routes,  that  levels  of  NG  metabolites 
were  even  higher  than  those  of  NG. 

These  data  indicate  that  detectable  levels  of  metabolites  are  present  in 
plasma  for  sufficiently  long  periods  to  consider  plasma  metabolites  for  use  in 
biological  monitoring.  If  plasma  metabolites  are  used  for  biological 
monitoring,  then  it  would  be  necessary  to  collect  samples  towards  the  end  of 
the  work  shift  because  the  half-lifes  are  too  short  to  enable  sampling  much 
after  exposure  has  ceased.  The  available  data  do  not  indicate  that  metabolite 
levels  undergo  the  intense  fluctuations  that  occur  with  the  parent  compound. 
Unfortunately,  insufficient  data  are  available  to  demonstrate  conclusively 
that  plasma  metabolite  levels  are  constant  enough  to  use  for  biological 
monitoring.  Thus,  if  plasma  metabolites  were  to  be  considered  for  this 
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purpose,  studies  of  changes  In  plasma  concentrations  of  NG  metabolites  with 
time  In  a  number  of  Individuals  would  be  necessary. 

Another  matter  that  should  be  examined  further  If  plasma  Is  to  be 
considered  for  biological  monitoring  Is  the  site  of  blood  collection.  It  is 
well  established  that  plasma  levels  of  NG  vary  with  the  site  at  which  blood  Is 
collected  relative  to  the  point  of  dermal  contact  (2,  3,  17,  27).  Whether 
this  problem  would  be  as  serious  with  NG  metabolites  as  with  the  parent 
compound  Is  unknown.  This  phenomenon  results,  In  part,  from  the  extensive 
metabolism  of  NG  that  occurs  within  the  »'ascu1ature  (2).  Since  metabolites 
generated  within  the  vasculature  should  Circulate  with  a  half-life  of  30 
minutes  to  1  hour,  they  may  rapidly  reach  an  equilibrium  within  the 
circulatory  system  and  the  sampling  site  may  be  a  lesser  problem  with 
metabolites  than  with  the  parent  compound.  If  blood  were  used  for  biological 
monitoring,  some  simple  experiments  could  be  performed  to  confirm  this 
hypothesis. 

Because  of  the  ease  of  collection,  urine  Is  the  simplest  and  most 
efficient  fluid  for  use  In  biological  monitoring.  Host  studies  Indicate  that 
up  to  50  percent  of  the  NG  Introduced  Into  the  body  by  various  routes  Is 
eliminated  via  the  urine  where  It  can  be  found,  primarily  In  the  form  of 
metabolites,  for  up  to  48  hours.  Urine  should  act  as  a  common  sink  for  NG 
metabolites  and  should  not  be  affected  by  factors  such  as  the  site  of 
application.  If  urine  were  selected  for  biological  monitoring,  human  studies 
of  the  characteristics  of  metabolites  and  the  time  course  of  their  appearance 
In  urine  during  dermal  exposure  under  controlled  conditions  would  be 
advisable. 

No  recommendations  can  be  made  concerning  which  of  the  NG  metabolites 
would  be  most  useful  for  biological  monitoring  until  further  studies  are 
performed.  In  making  such  a  decision.  It  would  be  advisable  to  consider  the 
characteristics  of  the  analytical  procedures.  For  example,  If  plasma  GMN  were 
chosen  as  the  biological  marker,  then  It  would  be  necessary  to  decide  whether 
analytical  methodologies  would  be  more  amenable  to  the  simultaneous 
measurement  of  both  Isomers  or  to  the  measurement  of  Individual  Isomers.  Many 
analytic  procedures  for  measurement  of  NG  and/or  Its  metabolites  In  biological 
materials  have  been  published.  This  literature  should  be  carefully  reviewed 
to  determine  the  most  practical  method  to  use  for  further  studies. 

In  addition  to  the  work  described  above,  It  will  be  necessary  to  perform 
studies  designed  to  establish  a  biological  exposure  limit  for  the  chosen 
determinants.  This  can  be  done  by  examining  concentrations  of  urine  or  blood 
metabolites  during  exposure  to  a  range  of  NG  concentrations  and  determining 
the  no-observed-effect-level  (NOEL)  as  well  as  the  NG  doses  that  produce 
minimal  physiological  effects  (I.e.,  headache,  change  In  blood  pressure,  or 
pulse  rate). 

These  criteria  would  be  In  accordance  with  parameters  used  by  NIOSH  and 
the  American  Conference  of  Governmental  Industrial  Hygienist  to  establish 
exposure  limits  for  airborne  NG  (1,  10).  An  alternative,  or  confirmatory 
approach,  would  be  to  expose  Individuals  for  an  extended  period  of  time  to 
airborne  concentrations  of  NG  equivalent  to  the  current  TLV  of  0.05  ppm  (1) 


20 


and  determine  levels  of  metabolites  In  urine.  Ideally,  the  metabolite 
concentrations  will  reflect  the  total  amount  absorbed  and  the  same  levels 
could  be  used  as  a  BEI  for  transdermal  absorption.  There  are,  however, 
potential  problems  with  this  approach  (e.g.,  the  extent  of  N6  metabolism 
within  lung  tissue  may  differ  from  that  within  the  skin,  leading  to 
differences  In  the  effects  produced  by  exposure);  and  It  would  be  less 
reliable  than  directly  relating  urine  or  plasma  concentrations  to 
physiological  effects. 

Finally,  In  determining  a  BEI,  the  potential  effects  of  repeated  NG 
exposure  on  NG  metabolism  and  clearance  must  be  considered.  The  studies  of 
Dllley  (13)  and  Idzu  et  al.  (26)  Indicate  that  plasma  clearance  rates  may  be 
longer  In  animals  which  experience  repeated  NG  exposure  for  7  to  10  days. 

Thus,  the  determination  of  the  BEI  may  best  be  performed  In  both  nonexposed 
and  experienced  NG  workers  to  determine  whether  Important  differences  exist  in 
the  levels  that  cause  physiological  effects. 

SUMMARY  AND  RECOMMENDATIONS 

In  summary.  It  may  be  possible  to  monitor  nitroglycerin  exposure  with  NG 
and/or  Its  metabolites  In  plasma  and  urine  but  further  research  would  be 
necessary  before  any  of  these  options  could  be  realized.  Urinary  NG 
metabolites  represent  the  best  prospect  for  biological  monitoring  since  urine 
Is  easier  to  collect  than  plasma,  and  Is  not  complicated  by  factors  such  as 
the  site  of  collection,  which  must  be  considered  for  blood.  Before  urine 
could  be  used  for  biological  mjnltorlng,  human  studies  of  the  characteristics 
of  metabolites  and  the  time  course  of  their  appearance  In  urine  during  dermal 
exposure  under  controlled  conditions  would  be  necessary.  Other  studies  must 
be  performed  to  establish  a  biological  exposure  limit  for  the  chosen 
metabol1te($). 
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APPENDIX  A 


S  FOR  OPERATIONS  WITH  NG_ 


(approved  October  11,  1989) 


Area 

Operation 

Approved  type  gloves  Minimum  change 

frequency 

o: 

Blender 

Leather  palm,  canvas  back, 
short  cuff  (41-13-530) 

Pylox  V-5 

Weekly 

Daily 

R.P. 

Differential  Roll, 
Service  Hall,  Sheet 
Cleaning,  Rework, 
Evenspeed  (Pad  Makeup) 

PVC  nonventilated  (41-13-560) 
Leather  palm,  canvas  back, 
short  cuff  (41-13-530) 

Weekly 

Weekly 

R.P. 

Evenspeed 

Leather  palm,  long  cuff 
(41-13-520),  Men's  or 
41-13-520,  Women's) 

Weekly 

R.P. 

Calender  Roll 

Light  cotton  knit,  vinyl  dipped 

Daily 

KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 
Men's  Large  (41-13-535) 


R.P.  Slitter  (Carpet  Roll)  Leather  palm,  canvas  back,  Weekly 

short  cuff  (41-13-530) 

Cotton,  8  02.  duck,  short  cuff  Hourly 
(41-13-520) 

Light  cotton,  vinyl  dipped  Hourly 

KSR  122-516,  Women's  large 
(41-13-493)  or  KSR  #22-515 
Men's  Large  (41-13-535) 


R.P. 

Carpet  Roll  and 

Cotton,  8  02.  duck,  short  cuff 

Hourly 

Embossing  Roll 

(41-13-420) 

Leather  palm,  canvas  back. 

Weekly 

short  cuff  (41-13-530) 

R.P. 

Final  Roll 

Cotton,  8  02.  duck,  long  cuff 

Hourly 

(41-13-490) 

R.P. 

Shear  Press 

Cotton,  8  02.  duck,  long  cuff 
(41-13-490) 

Cotton,  8  02.,  short  cuff 

Hourly 

Hourly 

(41-13-420) 

Light  cotton,  vinyl  dipped 

KSR  #22-513,  Women's  Medium 

Daily 

(41-13-493)  or  KSR  #22-515 

Men's  Large  (41-13-535) 

R.P. 

Pad  Makeup 

Pylox  V-5  or  V-10 

Daily 
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Area 


Operation 


Approved  type  gloves 


Minimum  change 
frequency 


R.P. 

Sewing 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Light  cotton,  vinyl  dipped 

KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515 

Men's  Large  (41-13-535) 

Hourly 

Dally 

R.P. 

.  Slitter  (Pad) 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Light  cotton,  vinyl  dipped 

KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515 

Men's  Large  (41-13-535) 

Pylox  V-5  or  V-10 

Hourly 

Dally 

Dally 

R.P. 

Punch  Press 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Light  cotton  knit,  vinyl  dipped 
KSR  #22-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 
Men's  Large  (41-13-535) 

Pylox  V-5  or  V-10 

Hourly 

Dally 

Dally 

R.P. 

Magazine  Loading 

Py'iox  V-5  or  V-10 

Light  cotton  knit,  vinyl  dipped 
KSR  #22-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 
Men's  Large  (41-13-535) 

Dally 

Dally 

R.P. 

Classifiers 

Pylox  V-5  or  V-10 

Dally 

R.P. 

Sorting 

Pylox  V-5  or  V-10 

Dally 

R.P. 

Shadowgraph 

Pylox  V-5  or  V-10 

Dally 

R.P. 

Nibbler 

Pylox  V-5  or  V-10 

Light  cotton  knit,  vinyl  dipped 
KSR  #22-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 

Men's  Large  (41-13-535) 

Dally 

Dally 

R.P. 

Cellophane  and 
Inspection 

Pylox  V-5  or  V-10 

Dally 
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Area 


Operation 


Approved  type  gloves 


Minimum  change 
frequency 


R.P. 

Packout 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Light  cotton  knit,  vinyl  dipped 
KSR  #22-513,  Women's  Medium 
(41-13-493)  or  KSR  122-515, 
Men's  Large  (41-13-535) 

Hourly 

Dally 

R.P. 

Cleaning  Roll, 

Cleaning  Crew 

Neoprene  rubber,  14*  gauntlet 
Edmont  Wilson  Neox  9-924  or 
equivalent 

PVC  nonventllated 

Dally 

Dally 

R.P. 

LAW  Operation,  Bearing 
Pin  Insertion,  Sorting, 

Pylox  V-5  or  V-10 

Cotton,  8  oz.  duck,  short  cuff 

Dally 

Hourly 

Weighing  and  Packout 

(41-13-420) 

Light  cotton  knit,  vinyl  dipped 
KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 
Men's  Large  (41-13-535) 

Dally 

R.P. 

LAW  Operation,  Cutting 
Machine  and  Sorting 

Cotton,  8  oz.  duck,  long  cuff 
(41-13-490) 

Leather  palm,  canvas  back,  long 
cuff  (41-13-520) 

Hourly 

Weekly 

R.P. 

Breaker  Roll 

Leather  palm,  canvas  back. 

Weekly 

Mixing,  Ingredient 

short  cuff  (41-13-530) 

Cotton,  8  oz.  duck,  short  cuff 

Hourly 

Storehouse 

(41-13-420) 

Leather  palm,  canvas  back. 

Weekly 

short  cuff  (41-13-530) 

Light  cotton  knit,  vinyl  dipped 
KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  122-515, 
Men's  Large  (41-13-535) 

Neoprene  rubber,  14”  gauntlet. 

Weekly 

Weekly 

Edmont  Wilson  Neox  9-924  or 
equivalent 

PVC  nonventllated  (41-13-560) 

Weekly 
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Area  Operation  Approved  type  gloves  Minimum  change 

frequency 


C-Llne  20-Inch  Blocker,  Cotton,  8  oz.  duck,  short  cuff  Hourly 

Final  Blockers,  and  (41-13-420) 

Finishing  Press  Leather  palm,  canvas  back.  Weekly 

short  cuff  (41-13-530) 

Light  cotton  knit,  vinyl  dipped  Weekly 
KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 

Men's  Large  (41-13-535) 

PVC  nonventllated  (41-13-560)  Weekly 


C-Llne 

Handling  Solvents  and 
Slurries  Preparation 

Neoprene  rubber,  14"  gauntlet, 
Edmont  Wilson  Neox  9-924  or 
equivalent 

Weekly 

C-Llne 

Dehydration  Press 

Neoprene  rubber,  14"  gauntlet 

Dally 

C-Llne 

Cutting  Machine  and 
Traying 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Light  cotton  knit,  vinyl  dipped 
KSR  #22-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 
Hen's  Large  (41-13-535) 

Pylox  V-5  or  V-10 

Hourly 

Weekly 

Dally 

Cast 

Mold  Assembly, 

Mold  Loading 

Cotton,  8  oz.  duck,  short  cuff 
(41-13-420) 

Leather  palm,  canvas  back, 
short  cuff  (41-13-530) 

Hourly 

Weekly 

Cast 

Casting,  Hold 
Disassembly,  Hold 

Parts  Washing, 
Desiccator  Cleaning 

Leather  palm,  canvas  back, 
short  cuff  (41-13-530) 

PVC  nonventllated  (41-13-560) 
Neoprene  rubber,  14"  gauntlet, 
Edmont  Wilson  Neox  9-924  or 
equivalent 

Weekly 

Dally 

Daily 

Cast 

Handling  Carpet  Rolls, 
Uninhibited  Grains  and 
Stick  Propellant 
(DRAGON,  TOW  Launch, 
M-26  or  M-30) 

Neoprene  rubber,  14"  gauntlet, 
Edmont  Wilson  Neox  9-924  or 
equivalent 

PVC  nonventllated  (41-13-560) 
Leather  palm,  canvas  back, 
short  cuff  (41-13-530) 

Pylox  V-5  or  V-10 

Dally 

Daily 

Weekly 

Daily 
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APPENDIX  A  (cant.) 

APPROVED  GLOVES  FOR  OPERATIONS  WITH  NG  EXPOSURE 


Area  Operation  Approved  type  gloves  Nlnlmum  change 

frequency 


Cast  Inhibiting  (End 
Sleeving  and  End 
Inhibiting) 


Cast  Handling  Inhibited 
Grains 


Cast  Cutting  Machine 


Pilot  B  Washing  FAD  Doors 
and  Washing  Trays 


Pilot  B  Cabinet  Handling 


Pylox  V-5  or  V-10  Dally 

Natural  latex,  white  surgical,  Dally 

Ednrant  Wilson  146-320  or 
equivalent  (41-13-495) 

Neoprene  rubber,  14"  gauntlet.  Dally 
Edmont  Wilson  Neox  9-924  or 
equivalent 

PVC  nonventllated  (41-13-560)  Dally 

Leather  palm,  canvas  back.  Weekly 

short  cuff  (41-13-530) 

Pylox  V-5  or  V-10  Dally 

Natural  latex,  white  surgical.  Dally 


Edmont  Wilson  146-320  or 
equivalent  (41-13-495) 

Light  cotton  knit,  vinyl  dipped  Weekly 
KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 

Men's  Large  (41-13-535) 

Light  cotton  knit,  vinyl  dipped  Weekly 


KSR  122-513,  Women's  Medium 
(41-13-493)  or  KSR  #22-515, 

Men's  Large  (41-13-535) 

Pylox  V-5  or  V-10  Dally 

Natural  latex,  white  surgical.  Dally 

Edmont  Wilson  #46-320  or 
equivalent  (41-13-495) 

Neoprene  rubber,  14”  gauntlet.  Dally 

Edmont  Wilson  Neox  9-924  or 
equivalent 

PVC  nonventllated  (41-13-560)  Dally 

Leather  palm,  canvas  back.  Weekly 

short  cuff  (41-13-530) 


a^ All  cleanup  operations  (Oakite,  Arctic-Syntex-M-Beads,  NG  remover,  acetic 
acid,  and  other  solvents)  shall  require  the  use  of  the  Neoprene  rubber,  14" 
gauntlet,  Edmont  Wilson  Neox  9-24  or  equivalent  (41-13-590)  or  the  PVC 
nonventllated  glove  (41-13-560). 

b.  R.P.  -  Rolled  Powder,  LAW  -  Light  Antitank  Weapon,  TOW  -  Tube-launched, 
Optically-tracked,  Wire-guided  missile,  FAD  -  Forced  Air  Dryer. 


30 


appendix  b 


ASTM 

BEI 

DE60N 

FAO 

GC/ECD 

GDN 

GMN 

INAAP 

LAW 

NG 

NIOSH 

NOEL 

RAAP 

R.P. 

TOW 

TWA 

USAMCCOM 

USAMRDC 

Vd 


American  Society  for  Testing  and  Materials 
biological  exposure  Index 
d1 ethyleneglycol  dinitrate 
forced  air  dryer 

gas  chromatography  (with}  electron  capture  detection 

glyceryl  d1 nitrate 

glyceryl  mononitrate 

Indiana  Army  Ammunition  Plant 

light  antitank  weapon 

nitroglycerin  (glyceryl  trinitrate) 

National  Institute  for  Occupational  Safety  and  Health 
no  observed  effect  level 
Radford  Army  Ammunition  Plant 
rolled  powder 

tube-launched,  optically-tracked,  wire-guided  (missle) 
time-weighted  average 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 
U.S.  Army  Medical  Research  and  Development  Command 
volume  of  distribution 
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No.  of 
Copies 

4  Comnander 

U.S.  Army  Medical  Research  and  Development  Command 
AHN:  SGRO-RMI-S 
Fort  Detrick 

Frederick.  HO  21702-5012 

2  Defense  Technical  Information  Center 

AHN:  DTIC-FDAC 
Cameron  Station 
Alexandria,  VA  22304-6145 

1  Commander 

U.S.  Army  Medical  Department  Center  and  School 
AHN:  HSHC-FC 

Fort  Sam  Houston,  TX  78234-6100 

2  Connander 

U.S.  Army  Biomedical  Research  and  Development  Laboratory 

ATTN:  SGRD-UBZ-IL 
Fort  Detrick 

Frederick,  MD  21702-5010 

1  HQDA  (SGPS-PSP) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 

1  HQDA  (DALO-TSE-H) 

The  Pentagon,  Room  10600 
Washington,  DC  20310-0561 

1  U.S.  Army  Construction  Engineering  Research  Laboratory 

AHN:  CERL-EN 
P.O.  Box  4005 
Champaign,  IL  61820-1305 

1  Commander 

U.S.  Army  Environmental  Hygiene  Agency 
AHN:  HSHB-ME-HR 

Aberdeen  Proving  Ground,  MO  21010-5422 
Commander 

U.S.  Army  Natick  Research,  Development  and  Engineering  Center 
AHN:  STRNC-WEB 
Natick,  MA  01760-5018 


1 


1  Conmander 

U.S.  Army  Belvoir  Research,  Development  and  Engineering  Center 

Fuel  and  Hater  Supply  Division 

AHN;  STRBE-FSE 

Fort  Belvoir,  VA  22060-5606 

1  Commander 

U.S.  Army  Special  Harfare  Center  and  School 

ATTN:  ATSU-CD-HL-H 

Fort  Bragg,  NC  28307-5000 

1  Commander 

U.S.  Army  Quartermaster  School 

AHN:  ATSM-CDM 

Fort  Lee,  VA  23801-5000 

1  Commander 

U.S.  Naval  Civil  Engineering  Laboratory 
Code  L-66 

Fort  Huenetne,  CA  93046-5000 
1  Commander 

U.S.  Air  Force  Engineering  and  Services  Center 
AHN:  DEOP 

Tyndall  Air  Force  Base,  FL  32403-6001 
1  Commander 

U.S.  Army  Haterways  Experiment  Center,  Corps  of  Engineers 
AHN:  CEWES-GG-F 
P.O.  Box  631 

Vicksburg,  HS  39181-5000 
1  Commander 

U.S.  Army  Biomedical  Research  and  Development  Laboratory 

AHN;  SGRD-UBZ-P 

Fort  Detrick,  Building  568 

Frederick,  MD  21702-5010 


